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The Effects of Microstrucutral Parameters on Bending Fatigue
Properties of Heavily Drawn Pearlitic Steel Filaments used for
Automotive Tires

Y. S. Yang', S. H. Lim?, D. Y. Ban® and C. G. Park’

Abstract

Influences of microstructure on high-cycle fatigue (HCF) limit of high carbon (> 0.7 wt. %) steel filaments used for
tires have been investigated. A series of the fatigue tests was carried out depending on carbon content by using Hunter-
type tester at a frequency of 60 Hz at a tension/compression stress of 900 to 1500 MPa. Microstructural changes of the
filaments were identified in the lateral direction by using transmission electron microscopy (TEM). It was found that the
mechanical properties, such as fatigue limit and tensile strength, were improved with increasing carbon content, which
was mainly attributed to decreased lamellar spacing and cementite thickness. However, the fatigue ratio, which is defined
as the ratio of the fatigue limit to the tensile strength, was reduced in a higher carbon range of 0.8 to 0.9 wt.%, while the
fatigue ratio was nearly constant in a lower carbon range of 0.7 to 0.8 wt.%. Overall mechanical properties of the
filaments, depending on carbon content, have been discussed in terms of the microstructural parameter change of lamellar
spacing and cementite thickness. In addition, the variation of cementite morphology on the fatigue crack propagation of
high carbon (0.9 wt. %) filaments will be discussed.

Key Words: Bending Fatigue, Fatigue Ratio, Pearlitic Steel Filaments, Hunter Rotating fatigue machine, Transmission
Electron Microscopy (TEM)
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Table 1. Chemical composition of the high
carbon pearlitic steels (wt.%)

C Cr Si Mn S P Fe
NT } 072} - }0.23}0.26 | 0.005| 0.008 | Bal.
HT [ 0.82 | - }0.22 | 0.25| 0.009 | 0.007 | Bal.

SHT 1 0.92 | 0.2 } 0.24 | 0.26 | 0.003 | 0.007 | Bal.
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Fig. 1. The mechanical properties of the high carbon
pearlitic steel filaments : (a) Tensile strength and (b)
bending stress vs. numbers of cycle to failure
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Table 2. Results of mechanical properties and
microstructural parameters depending on carbon content

C Gs o | Or/OTs Ap te Ve

(wt.%) | (MPa) | (MPa) (mm) | (mm) | (%)

0.72 3176 | 1100 0.346 | 16.44 | 1.77 | 10.8

0.82 3480 1200 0.345 13.49 | 1.66 | 12.3

0.92 3744 1250 0.333 11.55 | 1.54 | 13.8
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Fig. 2. TEM micrographs showing microstructure of the
high carbon pearlitic steels depending on carbon contents
on longitudinal sections : (a) 0.72 wt. % C, (b) 0.82
wt. % C and (c) 0.92 wt. % C
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Fig. 3. Mechanical properties of the high carbon pearlitic
steel filaments depending on (a) the carbon content and
(b) lamellar spacing
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